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[57] ABSTRACT 
Block information from a main memory, which is regis 
tered in an address register, is applied to a directory. A 
bank address in the main memory is taken out 'from the 
respective locations de?ned by the block information in 
each bank of the directory. A comparator compares the 
bank address with a bank address of the main memory 
registered in said address register. The output signal 
from the comparator is applied as a control signal to a 
control ROM. The directory memory applies an ad 
dress signal to the control ROM. Upon the application 
of the address signal, the control ROM produces the 
contents (control information) of the location de?ned 
by the address signal and the contents is loaded into the 
directory memory. The control information determines 
the earliest used bank in the cache memory and deter 
mines the bank to which the contents of the main mem 
ory is loaded. 

4 Claims, '18 Drawing Figures 
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CACHE MEMORY CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to a cache memory control 
system. ' ' 

The cache memory (often called a buffer memory) 
has widely been used in a large scale computer with a 
view to reduction of an effective access time to a main 
memory with a large memory capacity but with a long 
access time. The cache memory has recently been used 
frequently in the ?led of a large scale minicomputer 
(called a mega minicomputer with a large ‘memory ca 
pacity). 
As shown in FIG. 1 illustrating a relationship be 

tween a main memory and a cache memory, the unitary 
data which is called a block is transferred between a 
main memory 102 and a cache memory 103. When a 
central processing unit (CPU) 101 requires data, ‘neces 
sary data is read out from a main memory 102 and then 
is stored in the cache memory 103. ‘In this manner, an 
effective access time is reduced. In designing such a 
data processing system, the following items must be 
taken into consideration. ' 

1. To optimize a block size including unnecessary 
data: . 

The ratio of the necessary data contained in a block to 
the unnecessary data contained therein must be mini 
mized for securing the effective memory access. 

2. To optimize the number of blocks required for 
CPU: ’ ‘ 

Since the memory capacity of the cache memory 103 
is restrictive, the number of blocks to be stored in the 
cache memory 103 must be optimized for the same 
purpose. 1 

3. When a new block is loaded into the cache memory 
103, the optimum number of blocks must be pulledvout 
from the cache memory 103. 

4. The nature of a program: 
In making an access to memory, addresses must be 

optimumly selected. A nature of a program that a ,cer 
tain routine must be executed repeatedly, for example, 
in?uences largely a frequency of block'transfer. 
Many attempts have been made to fully satisfy the 

just-mentioned items. One of them is disclosed in Japan 
Examined Patent Application No. 40l 1/43 of Showa 
(1968) entitled “Information Memory Apparatus”. filed 
by IBM. The IBM patent uses a buffer memory between 
a main memory and CPU for storing a copy of the 
contents in the main memory. Another example is dis 
closed in Japan Examined Patent Application No. 
3445/48 of Showa (1973) ?led by the same applicant, in 
which describes the improvement of a data processing 
system with a memory hierarchy including a high speed 
buffer memory. ' 

Those conventional apparatuses, however, still ‘suffer 
from the following drawbacks; (a) The performance 
might be improved but the cost/performance is poor, 
(b) The economical improvement conversely deterio 
rates the system performance, and (c) The access 
method to the main memory of CUP (i.e. the nature of 
a program) is not optimized. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to provide 
an effectively operable cache memory control system in 
which the handling ‘of the cache memory data transfer 
for input and output devices is not effected by the cache 
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2 
memory is selected depending on the nature of a mem 
ory access request from CPU. 
Another object of the invention is to provide a cache 

memory control system in which, when CPU makes an 
access to a ?xed area of a main memory, the cache 
memory is not accessed by the control of zero detector. 

Still another object of the invention is to provide a 
cache memory control system in which, when CPU 
makes an access to a main memory, if no data is stored 
in a cache memory, the data stored in the address speci 
?ed is transferred from the main memory to CPU and 
then a block including the specified address is trans 
ferred to the cache memory. 0 
Yet another object of the invention is to provide a 

cache memory control system in which the initialization 
of a main memory and a cache memory and the refresh 
control of a main memory are carried out by the same 
circuit. 
An additional object of the invention is to provide a 

cache memory control system with the optimum block 
size of a block transferred from a main memory to a 
cache memory and with improved effective efficiency 
of the cache memory. . ' 

A further object of the invention is to provide a cache 
memory control system in which, when anew block is 
loaded into a cache memory, older blocks already 
stored therein are successively pulled out from the 
cache memory. . 

An even further object of the invention is to provide 
a cache memory control system with a control that the 
number of addresses responsive to an access request 
from CPU is as many as possible. ' 
To achieve the above-mentioned objects, there is 

provided a cache memory control system for a data 
processing system with a memory system to be accessed 
by a central processing element and a high speed bus 
control circuit. The cache memory control system is 
comprised of: main memory means with a plurality of 
word locations addressable by addressing spectra in > 
which the entire of the word locations are logically 
divided into a plurality of banks, each bank is divided 
into a plurality of blocks, each block is divided into a 
plurality of word locations, and each bank is speci?ed 
by a bank address in the addressing spectra, each block 
by a block discriminator, and each word location by a 
block address; cache memory means with a plurality of 
‘word locations addressable by addressing spectra in 
which the entire of the word locations are logically 
divided into a plurality of banks corresponding to the 
respective banks in said main memory, each bank is 
divided into a plurality of blocks, each block is divided 
into a plurality of word locations, and each bank is 
specified by the bank address in the spectra, each block 
by the block discriminator, and each word location by 
the block address; random access directory memory 
means which is addressable by the bank address, is pro 
vided with a plurality of word locations corresponding 
to the banks in the cache memory, and loads the block 
discriminators of a plurality of blocks in the correspond 
ing banks stored in the cache memory; a cache memory ' 
address bus connecting to the central processing ele 
ment, the high speed bus control circuit, the cache 
memory and the directory memory, through which the 
address of a fetch request produced by the central pro 
cessing element or the high speed bus control circuit is 
transferred; comparing means connecting to the direc 
tory memory and the address bus, which the comparing 
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means compares a plurality of discriminators read out 
from the directory memory in response to the bank 
address of the fetch request with the block discrimina 
tor of the fetch request to produce a coincident or not 
coincident signal for indicating whether the word to be 
fetched is stored in the cache memory; encoder means 
connecting to the comparing means for encoding the 
coincident not-coincident signals; a multiplexer con 
necting to the encoder for selecting the encoder signal; 
priority register means connecting to the directory 
memory for holding priority information produced 
from the directory memory; control ROM means con 
necting to the priority register for applying to the direc 
tory memory the directory memory bank information 
to which data is to be loaded, in response to the output 
signal from the priority register; and zero detecting 
means connecting to the address register for prohibiting 
block transfer from the main memory to the cache 
memory when memory address information fed from 
the address register speci?es a ?xed area in the main 
memory. 
These and other objects and advantages of the inven 

tion will become more apparent upon a reading of the 
following detailed description and drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWING ' 

FIG. 1 shows relative memory locations between a 
main memory and a cache memory; 
FIG. 2 shows a block diagram of an embodiment of 

cache memory control system according to the inven 
tion; 
FIG. 3 shows the correspondence between address 

spaces of a main memory and a cache memory; 
FIG. 4 shows a block diagram of a cache memory 

control portion; 
FIG. 5 is a diagram for illustrating a block transfer 

from a main memory to a cache memory; 
FIG. 6 shows a block diagram of an example for 

controlling the initialization of a main memory and a 
cache memory and the refreshing operation of a main 
memory by the same circuit; 
FIG. 7 shows a block diagram of a circuit for making 

variable the size of a transfer block; 
FIG. 8 shows a block diagram for determining a 

priority order of four memory banks in a cache memory 
control portion (directory); 
FIG. 9 tabularly illustrates input data to the control 

ROM and the output data thereof; ’ . 
FIG. 10 shows in block form a cache memory and its 

periphery portion; 
FIG. 11, including 11A-11F, shows a set of wave 

forms useful in explaining the memory cycle; 
FIG. 12 shows an example of a hit ratio measuring 

circuit; and 
FIG. 13 shows a block diagram of a block size 

switching circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 2, there is shown an embodi 
ment of a cache memory control system according to 
the invention. In the ?gure, a main memory 102 is com 
prised of a number (in this example, 1024 bytes) of mem 
ory banks 104 and 105 and stores instructions and data. 
A cache memory 103 is connected through a cache 
memory control portion 106 to the main memory 103 
and temporarily stores data to be loaded or read out to 
and from the main memory 102. An interleave control 
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4 
circuit 107 periodically refreshes the main memory 102. 
A H-BUS control circuit (HBC) 108 controls a high 
speed bus (H-BUS) connected to a DMA (direct mem 
ory access unit) (not shown). A low speed input/ output 
unit is connected through a low speed bus (L-BUS) to 
CPU 101. Internal buses 111 interconnects CPU 101, 
main memory 102, interleave control circuit 107 and 
H-BUS control circuit 108. 
When data is read out from CPU 101 and DMA, the 

contents of the main memory 102 and the cache mem 
ory 103 are always coincident to each other.. 
The access modes for making an access to the main 

memory 102 will be given below: 
(I) CPU 101 makes an access to the main memory 

102. 
When data with an address speci?ed is stored in a 

cache memory, unless it is read out, 16 bytes data in 
cluding its address is read out from the main memory 
102 and then is written into the cache memory 103 
while at the same time data with the speci?ed address is 
sent out to CPU 101. 

(II) CPU 101 writes data into the main memory 102. 
When the cache memory has not a speci?ed address, 

data from CPU 101 is loaded into the cache memory 
103 and also to the main memory 102. When the cache 
memory 103 has not the speci?ed address, data is writ 
ten into only the main memory 102. 

(III) DMA reads data from the main memory. 
Data is read out from only the main memory and not 

the cache memory. The reason why the cache memory 
is not referred to, is that, if the cache memory is re 
ferred, to, an amount of hardware is increased and that, 
if desired data is not stored in the cache memory, the 
process to pull out the data from the main memory is 
complicated, and further that conflict between CPU 
and DMA increases thereby to decrease the speed of 
CPU (this is contrary to the object of the invention). 

(IV) DMA writes data into the main memory 102. 
When a speci?ed address exists in the cache memory 

103, data is loaded into the cache memory 103 and also 
to the main memory 102. When it does not in the cache 
memory 103, it is loaded into only the main memory 
102. In the above cases (I), (II) and (IV), the check as to 
whether the cache memory has the speci?ed address or 
not is performed by a directory to be discribed later. 

In the case of the mode (I), a read request from CPU 
101 includes a read operation in controlling data trans 
fer through the L bus 110. This read operation is per 
formed for making an access to the memory when the 
contents of the memory is applied to peripheral units 
such as a line printer (LP), a display unit (CRT) and a 
card punch (CP). In general, after input/output data is 
referred to one time, it is a rare case that the data is 
repeatedly used since then. Accordingly, there is a high 
probability that there is no data in the cache memory 
103. 

In the cache memory control system according to the 
invention, when CPU 101 engages in input/output op 
eration, CPU 101 applies a tag signal 112 indicating that 
the cache memory is not used is applied to the cache 
memory control portion 106 and reads out data from 
the main memory and not from the cache memory. 
Turning now to FIG. 3, there is shown the corre 

spondence between the address spaces of the main 
memory 102 and the cache memory 103. A read/write 
request from CPU 101 when CPU 101 makes an access 
to, the main memory 102 includes a memory access 
request directed to a main memory area (system area) 
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used as a hardware ?xed area. This area is ?xedly used 
by CPU 101 (i.e. the memory location is ?xed) and also 
is used as various types of registers for program status 
word (PSW) conversion at the interrupt, control word 
pointer in the input/output control and the like. It is not 
necessary for the ?xed area to be transferred to the 
cache memory 103. However, it frequently causes a 
block transfer between the main memory and the cache 
memory. Accordingly, the data which is once used but 
will rarely be used in the cache memory and more nec 
essary data is pushed out from the cache memory. The 
result is that the access ef?ciency is poor. This is con 
trary to the object of the invention. 

Therefore, the embodiment of the invention is pro 
vided with means by which, when the ?xed area is 
accessed, the cache memory is separated from its access 
related operation. Incidentally, the ?xed area is gener 
ally located at the head of the main memory, as indi 
cated by numeral 114 in FIG. 3. As shown, the ?xed 
area ranges from address 0 to address lK-l, i.e. occupies 
one 1 K. In order to check as to whether the ?xed area 
is accessed or not, a zero detector 115 is provided in the 
cache memory control section, . as well illustrated in 
FIG. 4. The cache memory control section will be de 
scribed in detail later referring to FIG. 4, The zero 
detector detects whether, when CPU requests data, the 
speci?ed address is less than 1 K or not. When the ad 
dress is less than 1 K (1024), bank=0. Accordingly, bits 
12 to 21 in an address register 116 in FIG. 4 are all “0”. 
In this manner, it is detected whether the data requested 
has the address of less than 1 K or not. If it has the 
address of less than 1 K, a related control signal is pro 
duced and data ‘is directly read out from the main mem 
ory 102 not by way of the cache memory 103. 
As shown in FIG. 3, data transfer between the main 

memory 102 of IMB (mega bytes) the cache memory 
103 of 4 KB (kilo bytes) is limited in transfer direction to 
a unidirection from the main memory 102 to the cache 
memory 103. The data amount at this time is 16 bytes 
(referred to as a block). The cache memory 103 is quar 
tered into individual sections and each section is called 
a bank. One bank is constructed by 64 blocks and one 
block is constructed by 16 bytes. The main memory in 
apparently 1024 banks. The nth block of each bank in 
the cache memory 103 contains any one of the nth 
blocks of each bank. The cache memory control section 
(often called a directory) which is constructed by a high 
speed static random access memory is provided in order 
to judge whether data in the cache memory is usable or 
not. 
The cache memory control section 106, which also is 

shown in FIG. 2, will be described in detail with refer 
ence to FIG. 4. As shown, the address register 116 is 
constructed by bits 8 to 31, with a shared memory desig 
nation ?eld 117 assigned ranging 8 to 11 bits. The ?eld 
117 is used when a shared memory is used but is not 
essential to the invention and therefore no further expla 
nation will be omitted. A bank designation ?eld 118 
occupying bit length from bits 12 to 21 designates any 
one of 1024 banks in the main memory 102. A bit length 
from bits 22 to 27 is used for a ?eld for designating 
block addresses (block 0 to block 64) of each bank in the 
main memory (cache memory), i.e. addresses used as 
parameters when a directory is referred to. Bits 28 to 31 
in the address register 116 are used for the address data 
of the main memory when the cache memory is hitted 
(the data requested is present in the cache memory). 
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6 
A high speed static RAM 121 is divided into four 

individual banks 122 to 125. First to fourth comparators 
126 to 129 are used to compare the output signals from 
the respective banks 122 to 125 of the RAM 121 with 
the output signals from the respective banks 122 to 125 
of the RAM 121 with the output signal from the bank 
designation ?eld 118 in the address register 116. The 
reason why four comparators are used is that the direc 
tory is searched with the information (block informa 
tion) speci?ed by bits 22 to 27 as a parameter, and there 
fore the information in the four banks 122 to 125 are 
outputted from the directory. That is, four comparators 
compare the output information from the four directory 
with the bank information speci?ed by bits 12 to 21 of 
the address register 116. An encoder 131, which is con 
nected to the comparators 126 to 129, encode the output 
signals from the comparators 126 to 129. Thesignal 
coded is applied to a control ROM 133 through a multi 
plexer connecting to the encoder 131. The control 
ROM 133 is a LRU (least recently used) system control 
ROM and controls the cache memory 103. The LRU 
system pushes out the data earliest used from the cache 
memory and puts new data into the vacant bank in the 
cache memory. A register 134 temporarily stores the 
output signal from the high speed static RAM 121, and 
also latches the address of the control ROM 133. The 
right most memory area in the directory is the memory 
area where the output data of the control ROM 133 is 
stored. This will subsequently be described, together 
with the control ROM 133, referring to FIGS. 8 and 9. 
The four output signals from the directory 121, which 
are addressed by the directly address designation ?eld 
119 in the address register 116 and the block informa 
tion of bits 22 to 27 are outputted to the comparators 
126, 127, 128 and 129, respectively. The information 
from the bank designation ?eld 118 is applied com 
monly to the comparators 122, 123, 124 and 125. When 
both the values are coincident to each other, it indicates 
that desired data exists in the cache memory 103. The 
?ag bits 141 to 144 of the static RAM 121 are also in 
cluded in the data which is subjected to the comparison 
in the comparators 126, 127, 128 and 129. Those ?ag bits 
141 to 144 are used to check whether the data at that 
time is effective or not. When CPU 101 is making an 
access to the ?xed area of the main memory 102, the 
zero detector 115 vproduces an output signal and the 
cache memory 103 has not the address speci?ed. Ac 
cordingly, an access to the cache memory is inhibited 
while only the main memory is accessed. 
The explanation to follow is the elaboration of a case 

where the cache memory has not the address data speci 
?ed by CPU. The concept of the operation of this case 
is illustrated in FIG. 5. When the address data speci?ed 
by CPU 101 is not included in the cache memory 103, 
16-byte signal with the address must be blocktrans 
ferred from the main memory 102. In the present inven 
tion, the address (the slanted portion in FIG. 5) speci 
?ed by CPU 101 is read out from the main memory 102 
and is transferred to CPU 101. Then, necessary block 
transfer is performed from the main memory 102 to the 
cache memory 103 thereby to prevent CPU 101 from 
stopping its operation (CPU becomes in “wait state”). 
FIG. 6 illustrates in block form the initialization of 

the main memory or the cache memory, or the refresh 
of the‘ main memory. As shown, a memory control unit 
(MCU) 200 is connected between the main memory 102 
and the CPU 101. The main memory control unit 
(MCU) 200 is comprised of a memory bus control por 
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tion (MBC) 151, a high speed bus control portion 
(HBC) 108, an interleave control circuit (ILV) 107 and 
a cache memory control portion (CMC) 106. The mem 
ory bus control portion 151 is connected to the main 

, memory 102, through an address register 153 and a data 
register 152. The high speed control portion 108 is con 
nected to an interleave control circuit 107 through the 
high speed bus control portion 108 is connected to an 
interleave control circuit 107 through a data bus (D 
BUS) 154 and an address bus (A-BUS) 155, and further 
to the memory bus control portion 151 and the cache 
memory control portion 106. In the interleave control 
circuit 107, the address bus 155 is connected to an ad 
dress register 141, a data register 156 is connected to the 
data bus 154 and a ?ag register 157 is connected to the 
memory bus control portion 151. The ?ag register 157 is 
set until the initializing is completed after the power 
source of the memory control unit 200 is turned on. The 
cache memory portion 106 is connected to the memory 
bus control portion 151, through a data register 134 and 
an address register 116. When a power source is applied 
to the memory control unit 200, the address register 141 
is ?rst reset, and then the flag register 157 is in a set 
state. This indicates that the memory control portion 
200 is in an initializing mode. The address register 141 is 
counted up during a ?xed period. When the memory 
control unit 200 is in the initializing mode, the output 
signal from the address register 141 is applied to the 
memory bus control 151 and the cache memory control 
portion 106. Data to be loaded into the main memory 
102 and the cache memory 103 is sent onto the data bus 
154 and then is loaded into the memories 102 and 103. 
When the address register 141 completes the count-up 
operations, the flag register 157 is reset. When the ?ag 
register 157 is reset, the address register 141 performs 
the count operations for a ?xed time. The address regis 
ter 153 counts responsive to the output of the register 
141 for the memory refresh. The output signals from the 
address registers 141 and 153 are used as refresh ad 
dresses to refresh the main memory 102 constructed by 
a dynamic RAM. In the invention, the initialization of 
the main memory 102 and the cache memory 103 and 
the refreshing operation are carried out by the same 
circuit. 
FIG. 7 shows a control block for varying the size of 

a transfer block to the cache memory 103. The size of 
the block transferred from the main memory 102 to the 
cache memory 103 is 16 bytes. In the ?gure, two bits 
145 to 148 are additionally attached to the flag bits 141, 
142, 143 and 144, respectively. The two bits 145, 146, 
147 and 148 are obtained from the bit 28 in the address 
register 116. 
The address register may have the following three 

states: (a) the part A in the speci?ed address 118 is 
constant and an address “1” is registered in the bit 28 
(1,X)2 (a letter attached “2” indicates a binary number 
system and X indicates the contents of the directory 
before rewritten); (b) an address “0” is registered in the 
bit 28 (X,1)2; (0) nothing is registered in the bit 28 (00);. 
The diagrammatically illustration of the essential part of 
this state is as illustrated below: 
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When a memory access request (main memory read) 
from CPU 101 reaches the address register’ 116, it is 
checked if the address is registered in the directory 21 
or not, on the basis of the output signals 'from the com 
parators 126, 127, 128 and 129. If the address exists in 
the directory 121, desired data is read out from the 
cache memory 102. On the other hand, if the not-coinci 
dent signals are produced from the comparators, the 
earliest block to be pushed out from the cache memory 
by the LRU method is decided and one block (16 bytes) 
in the bank is pushed out therefrom. Then, 8-byte data 
including the speci?ed address is written from the main 
memory 102 into the cache memory and sends neces 
sary data to CPU. When a memory access request (main 
memory write) from CPU raches the address register 
116, it is ?rst checked if the address thereof is registered 
in the directory 121 or not. If the address exists in the 
directory 121, the data to be loaded is loaded into the 
cache memory 103 and also to the main memory 102. If 
the address does not in the directory 121, the data is 
loaded into only the main memory 102. 
When a new block is written from the main memory 

into the cache memory, an earlier used block must be 
removed from the cache memory. This operation will 
be described with reference to FIGS. 8 and 9. In FIG. 
8, like numerals are used to designate like portions in 
FIG. 7, with omission of these parts. Applied to the 
control ROM 133 is a initial write flag signal 171 and 
encoder outputs (2 bits are necessary because of 4 banks 
of directory) 172 and 173 from the multiplexer 132. 

In case where CPU 101 provides an address, and the 
directory 121 is referred to by the address data and the 
reference shows a coincidence, the priority order of the 
directory 121 must be changed in synchronism with the 
reading operation from the cache memory 103, before 
the address of the directory is changed. The directory 
changed at this time corresponds to the portion 200 
connecting to the register 134. The output signal from 
the directory 121 is applied as an address input of the 
control ROM 131 to the bits 3 to 8 thereof. The outputs 
of the ROM 133 are as illustrated in FIG. 9. In the 
?gure, A of ABC012345 in the ROM address designates 
an initializing signal; B and C output signals from the 
multiplexer 132; 3 to 8 the output signal from the mem- ' 
ory area 200 in the directory 121. When the address A 
is “1” (i.e. in the ?gure, No. 1), the output signals of 
ROM becomes 0001 10 irrespective of the contents of B, 
C, 0, l, 2, 3, 4, 5. The 6-bit output is applied to the 
memory area 200 in the directory 121. In No. 2, the 
control ROM 133 is accessed with the address of the 
data set in the memory area 200. That is, the value 
corresponding to the ROM address 0, l, 2, 3, 4, 5 be 
comes 000110. The data read out of the address is 
011011. Succeedingly, data in the ROM 133 is read out 

5 in a similar manner. Firstly, to initialize the cache mem 
ory, the initial write ?ag 171 is set to initialize the cache 
memory 103 and the directory 121. At this time, the 
address of the directory 121 is designated as indicated 
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by No. 1 in FIG. 9. The priority order of the directory 
l21is [E], [1i], \ELThismeansthat EOE, IE, [E] 
designate banks, respectively: designates a bank 
122; IE abank 123; @ abank 124; [E abank 125. 
In this example, ‘E1 is at the lowest priority order. 
After the completion of the initial write, when the ?rst 
memory access request comes in, since the cache mem 
ory control portion has not the corresponding address, 
data is read out from the main memory 102 and is writ 
ten into the data register (DR) 134 of the CMC 106 
while at the time the data at the speci?ed address is sent 
out to CPU. At this time, the contents of the directory 
121 is renewed. At this stage, since there is not data to 
be preferentially treated, the data fetched from the main 
memory 102 is written into the bank with the lowest 
priority, i.e. the cache memory corresponding tothe 
bank 122. The writing of data into cache memory is 
performed in the following cases: data speci?ed in the 
read operation from CPU101 is not included; in the 
cache memory data speci?ed in the write operation 
from CPU 101 is included in the cache memory; the 
address speci?ed in the write operation from H-BUS is 
included in the cache memory. This example corre 
sponds to the foremost case so that data is loaded into 
the bank with the lowest priority bank. Incidentally, the 
read operation from the cache memory is'performed 
independently of the priority order. As a result, [E 2 is 
at the highest priority and the contents of 2, [I1] 2 
and [E 2 are renewed in this order and those become as 
shown in No. 2 of FIG. 9. As in the previous case, when 
the same address is speci?ed in the directory 121, since 
the outputs of the control ROM 133 at this time have 
been 2, 2, 2, data from the main memory is 
written into a @‘2 bank, that is, the bank 123 is FIG. 7. 
This operation is repeated succeedingly. , 
The memory write will be described. When data is 

written into both the main memory and the cache mem 
ory, a memory cycle as viewed from CPU has been 
made to coincide with the memory cycle of the main 
memory, even though the memory cycle to the cache 
memory is higher. In this example, the memory cycle is 
made to coincide with the memory cycle .of the cache 
memory to improve the ef?ciency of the memory cycle. 

Switching of the transfer block size will be described 
in detail referring to FIG. 13. 
The two bits (A, B) are allocated on the directory 

corresponding to the bit 28. When the bit 28 is “_l”, the 
bits (A, B) are written as (1, B’). When the bit 28 is “0”, 
the bits (A, B) are written as (A', 1). 
When A=1 and the bit 28 is “1”, or when B=l and 

the bit 28 is “0”, it is indicated that the data is registered 
in the cache memory. 
When the data is set in the address register 116, the 

contents of bit 12 to bit 21 is compared with the con 
tents of the directory and also with the contents of the 
bit 28 at the same time. If both coincidence, the former 
one and the latter one have occured, the desired address 
is in the cache memory and the data is read out from the 
cache memory. . 

If the coincidence of the former is obtained and the 
coincidence of the latter is not obtained, the area is 
allocated but the desired address is not in the cache 
memory. In this case 8 byte data is transferred to the 
cache memory corresponding to the bank coincident 
with the former. 

If both the former and the latter coincidence is not 
obtained, 8 byte data is transferred from memory to the 
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cache memory corresponding to the bank followed by 
the LRU control. . 

Reference is made to FIG. 10 illustrating the cache 
memory and its peripheral circuit. An address register 
HAR 182, which is connected to an address bus A-BUS 
155 and the cache memory 103, temporarily stores data 
on the address bus and produces its output for transmis 
sion to the cache memory 103. The address register 
CAR 181 intervening between CPU 101 and the cache 
memory 103 also temporarily stores the address trans 
mitted from CPU and produces an output signal for 
transmission to the cache memory 103. A data register 
HDR 184 intervening between a high speed data bus 
154 and a ZONE 186 temporarily stores data on the 
high speed data bus 154 and provides an output signal to 
the cache memory through ZONE 186. A data register 
CDR 185 connected between CPU 101 and the ZONE 
186 registers therein data from CPU 101 and provides 
an output signal‘ through ZONE 186 to the cache mem 
ory 103. Thevoutput of the ZONE 187 is transferred 
only to the CPU 101. ZONES 186 and 197 are multi 
plexers to control the zones of the data to be inputted to 
the cache memory 103 and the data to be outputted 
therefrom. 
When CPU 101 issues a memory write request, and 

the data to be written and its addresses are registered in 
the address register CAR 181 and a data register CDR, 
a memory cycle complete signal is sent from MCU 200 
to CPU 101. Simultaneously, the contents of the data 
register CDR 185 is loaded into‘ the cache memory 103. 
When the address is not included in the cache memory 
103, nothing is written into the cache memory 103. At 
the time that the cache memory 103 or the main mem 
ory 102 still need the contents of the data register, and 
the contents of the data register is not yet transferred to 
the main memory, even if a memory write request or a 
memory read request is issued, CPU 101 continues a 
“wait” state until destroy of the contents of the data 
register is allowable. ' 
FIGS. 4A to 4F show a timing chart when the mem 

ory is controlled'by the memory cycle of the'cache 
memory. CPU 101 produces a memory request (start 
signal), as shown in FIG. 11A. As shown in FIG. 11C, 
a memory control busy signal rises at the leading edge 
of the start signal, and data write into the cache memory 
is performed (FIG. 11B). With some delay behind the 
rise of the cache memory write in FIG. 11B, a main 
memory request signal rises as shown in FIG. 11C. And 
then the main memory 102 becomes in “busy” state, as > 
shown in FIG. 11D. When the memory request from 
CPU 101 con?icts with the memory request from the 
high speed bus 109, the timing of the main memory busy 
becomes as shown in FIG. 11F. 

Turning now to. FIG. 12, there is shown a block 
diagram of a hit ratio measuring circuit. In the ?gure, 
like numerals are used to designate like portions in FIG. 
10. Term “hit ratio” means a degree of the exsistance of 
the data required for the high speed bus 109 and CPU 
101 in the cache memory, and is de?ned Hit ratio 

n — (main memory access (READ! time from cache memory! 
_ n 

where n is a READ request time issued from CPU to 
the main memory. ' 

A memory access request signal counter 192 connect 
ing to CPU 101 counts a cache memory access request 
signal (a READ access from the cache memory to the 
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main memory) issued from CPU 101. A main memory 
access request signal counter 191 connecting to the 
cache memory 103 counts a main memory access re 
quest signal 196 produced from the cache memory 103. 
Both the counters 191 and 192 are reset by a counter 
reset signal 197 produced from CPU 101. Both the 
counters 191 and 192, connected to a hit circuit 193, 
applied the output signals to the same. The hit circuit 
193 calculates a hit ratio (the ratio of the main memory) 
access to memory access request time) which in turn is 
applied to adisplay circuit 194 connected to the hit 
circuit 193. 
The counters 191 and 192 are reset by a counter reset 

signal produced by CPU 101. For a desired address and 
a write operation, when data with located at a desired 
address is written in the memory, CPU requests a mem 
ory access with data. The memory access request signal 
is counted by the counter 192. When a desired address 
is not included in the cache memory 103, the cache 
memory 103 produces a main memory access request 
signal 196 which is counted by the counter 191. The 
output signals from both counters 191 and 192 are ap 
plied to hit circuit 193 where a hit ratio is calculated. 

In the embodiment according to the invention, when 
is performing an input/output operation for a memory 
access request from CPU, a tag signal is set and the cash 
memory is not used. Accordingly the hit ratio to the 
cache memory is improved and therefore the cache 
memory is effectively used. Since the cache memory is 
not used, a memory access time is reduced. 
When an input/output unit makes an access to the 

main memory, the provision of a ?ag permits that, when 
the ?ag rises, data may be directly transferred between 
the main memory and the input/output unit. Therefore, 
the cache memory is effectively used. The cache mem 
ory control system according to the invention is pro 
vided with a zero detector which indicates, when CPU 
accesses to the ?xed area of the main memory, that the 
access is a ?xed memory area access. Therefore, in such 
a case, the cache memory is not used so that the mem 
ory access is improved. 

In the case of the memory access from CPU, if the 
data at the speci?ed address is not included in the cache 
memory, the data of the speci?ed address is ?rst trans 
ferred from the main memory to CPU and then a block 
including the speci?ed address data is transferred. 
Therefore, a cease time (a wait time of CPU) of CPU is 
shortened. 

Additionally, a single circuit initialize the main and 
cache memories and may refresh the main memory 
constructed by a dynamic RAM. This eliminates a con 
trol circuit for executing such functions, leading to 
simpli?cation of the circuit construction and reduction 
of its cost. In the cache memory control system, the size 
of the block transferred from main memory to the cache 
memory may be either 16 bytes or 8 bytes. Accordingly, 
the cache memory is flexibly used to improve the execu 
tion ef?ciency of the cache memory. The provision of 
the directory, particularly, the control ROM, permits 
data to be taken out from the cache memory. This also 
brings about an effective use of the cache memory. A 
circuit for measuring a hit ratio of the cache memory is 
provided in the cache memory control system. There 
fore, a range to be measured may be speci?ed by a 
program so that the hit ratio may be calculated more 
precisely. 
What we claim is: 
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1. A cache memory control system for a data process 

ing system with a memory system to be accessed by a 
central processing element and a high speed bus control 
circuit, comprising: 

main memory means with a plurality of word loca 
tions addressable by addressing spectra in which 
the entire of the word locations are logically di 
'vided into a plurality of banks, each bank is divided 
into a plurality of blocks, each block is divided into 
a plurality of word locations, and each bank is 
speci?ed by a bank address in the addressing spec 
tra each block by a block discriminator and, each 
word location by a block address; 

cache memory means with a plurality of word loca 
tions addressable by addressing spectra in which 
the entire of the word locations are logically di 
vided into a plurality of bank corresponding to the 
respective bank in said main memory, each bank is 
divided into a plurality of blocks, each block is 
divided into a plurality of work locations, and each 
bank is speci?ed by the bank address in the spectra, 
each block by the block discriminator, and each 
word location by the block address; 

random access director memory means which is ad 
dressable by the bank address, is provided with a 
plurality of work locations corresponding to the 
banks in said cache memory, and loads the block 
discriminators of a plurality of blocks in the corre 
sponding banks stored in said cache memory; a 
cache memory address bus connecting to said cen 
tral processing element, said high speed bus control 
circuit, said cache memory and said directory 
memory, for transferring the address information 
of the fetch request produced by the processing 
element or the high speed bus control circuit; 

comparing means connecting to said directory mem 
ory and said address bus, which said comparing 
means compares a plurality of discriminators read 
out from said directory memory in response to the 
bank address of the fetch request with the block 
discriminator of the fetch request to produce coin 
cident or not-coincident signal for indicating 
whether the word to be fetched is stored in said' 
cache memory; 

encoder means connecting to said comparing means 
for encoding the coincident not-coincident signals; 

a multiplexer connecting to said encoder for selecting 
said encoder signal; 

control ROM means connecting to said priority regis 
ter for applying to said directory memory the di 
rectory memory bank information to which data is 
to be loaded, in response to the output signal from 
said priority register; 

and zero detecting means connecting to said address 
register for prohibiting block transfer from said 
main memory to said cache memory when memory 
address information fed from said address register 
speci?es a ?xed area in said main memory. 

2. A cache memory control system according to 
claim 1, further comprising: ' 

a ?rst address register means, connected between said 
address bus and said cache memory means, for 
registering therein the data on said address bus and 
producing an output for transmission for said cache 
memory means; 

a second address means, connected between said 
central processing element and said cache memory 
means, for registering therein an address sent from 



4,219,883 
13 

said central processing element and producing an 
output signal for transmission to said cache mem 
ory; 

a ?rst data register means, connected through said 
high speed data bus and a ?rst zone control means 
to said cache memory, for registering therein data 
on said high speed data bus and produces an output 
signal for transmission to said cache memory 
means through said ?rst zone control means; and 

a second data register means, connected between said 
central processing element and said zone control 
means, for registering therein data delivered from 
said central processing element and produces an 
output signal for transmission to said cache mem 
ory through said ?rst zone control means in order 
that the output signal from said cache memory 
means is transferred through a second control 
means to said central processing element and said 
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central processing element, for measuring a degree of 
the existence of the data requested by said central pro 
cessing element in said cache memory. 

4. A cache memory system according to claim 3, in 
which said hit ratio measuring circuit includes: 

a ?rst counter connecting to said central processing 
element for counting data request signal from said 
central processing element; 

a second counting means connecting to said cache 
memory means for counting the output signal pro 
duced from said cache memory when request data 
from said central processing element is not in 
cluded in said cache memory; 

a hit ratio calculating circuit means connecting said 
first and second counter means for calculating a hit 
ratio on the basis of the output signal from said ?rst 
and second counter means; and 

a display means connecting to said hit ratio calculat 
3. A cache memory control system according to ing circuit means for visualizing the output signal 

claim 1, further comprising a hit ratio measuring circuit, from said circuit. 
intervening between said cache memory means and said * * * * * 

?rst data register means. 
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